Abstract. We study the transverse clustering properties of high matter density peaks as traced by high column density absorption systems (either Lyman limit systems characterized by N (H i) ≥ 2 × 10 17 cm −2 or C iv systems with Wr > 0.5Å) at redshifts between 2 and 3 with UVES spectra of two QSO pairs (UM680/UM681 at 56 arcsec angular separation and Q2344+1228/Q2343+1232 at 5 arcmin angular separation) and a QSO triplet (Q2139-4433/Q2139-4434/Q2138-4427 at 1, 7 and 8 arcmin angular separation). We find 3 damped Lyman-α systems (N (H i) ≥ 2 × 10 20 cm −2 ): 2 coinciding with strong metal systems in the nearby line of sight and 1 matching the emission redshift of the paired QSO; plus 7 Lyman limit systems: 4 forming two matching couples and 3 without a corresponding metal system within ∼ 3000 km s −1 in the coupled line of sight. In summary, we detect five out of ten matching systems within 1000 km s −1 , indicating a highly significant overdensity of strong absorption systems over separation lengths from ∼ 1 to 8 h −1 Mpc. The observed coincidences could arise in gas due to starburstdriven superwinds associated with a quasar or a galaxy, or gas belonging to large scale structures like filaments or sheets. We also determine chemical abundance ratios for three damped Lyman-α systems. In particular, for the damped system at z ∼ 2.53788 in the spectrum of Q2344+1228, new estimates of the ratios O/Fe, C/Fe are obtained: [C/Fe] < 0.06, [O/Fe] < 0.2. They indicate that O and C are not over-solar in this system.
Introduction
Cosmological simulations based on CDM models predict that the forest of H i Lyman-α absorption lines, observed in QSO spectra, originates in the fluctuations of the underdense and moderately overdense regions of the intergalactic medium (e.g. Cen et al. 1994; Petitjean et al. 1995; Zhang et al. 1995; Hernquist et al. 1996; MiraldaEscudé et al. 1996; Theuns et al. 1998) . The high H i column density systems (Lyman limit and damped Lyman-α systems), on the other hand, arise from radiatively cooled gas in galaxy-sized halos (e.g. Katz et al. 1996) .
In the past few years, the association of high column density absorption systems (N (H i) > ∼ 10 16 cm −2 ) with galactic objects has been widely verified at redshifts up to z ∼ 1, by direct imaging of QSO fields and follow-up spectroscopy. The observed impact parameters for galaxies giving rise to Mg ii absorption systems suggest the presence of extended gaseous halos of spherical geometry and radii R ∼ 50 h −1 kpc (where h is the Hubble constant in units of 75 km s −1 Mpc −1 , and q 0 = 0) (Bergeron & Boissé 1991; Bergeron et al. 1992; Steidel et al. 1994; Guillemin & Bergeron 1997) . While damped Lyman-α systems (DLASs) are likely due to smaller structures (Wolfe et al. 1992; Le Brun et al. 1997) .
The correlation properties of absorbers along the line of sight (LOS) were studied recently. A trend of increasing correlation signal with increasing H i column density at z ∼ 2 is detected for QSO absorption lines up to N (H i) ∼ 10 17 cm −2 (Cristiani et al. 1997) . At the same redshift, higher column density systems are expected to be more correlated according to the hierarchical clustering scenario, as they are believed to be associated with galactic or proto-galactic structures. The classic approach to compute the correlation function is complicated by their rareness. In the hypothesis that DLASs are indeed galaxies, Wolfe (1993) handles this problem by comparing the density of Lyman-α emitters in the field and at the redshift of observed DLASs (< z >= 2.6), with that of randomly chosen fields at similar redshift. A Poissonian distribution of galaxies in the fields centred on DLASs is ruled out with more than 99.5 % confidence, but little else can be said on the correlation function.
Close pairs or groups of QSO LOSs represent an alternative, efficient tool to investigate the correlation properties of absorbers. Francis & Hewett (1993) find two candidate DLASs in the spectrum of Q2138-4427 at z a ≃ 2.38 and 2.85 matching in redshift two weaker Lyman-α absorptions in the spectrum of the companion quasar Q2139-4434, at a separation of 8 arcmin on the plane of the sky. Later deep imaging of the field of Q2139-4434 has indeed confirmed the presence of a group of red, radio quiet galaxies at z ≃ 2.38. This galaxy cluster, with mass ≫ 3 × 10 11 M ⊙ , could have collapsed before redshift 5 (Francis et al. 1996 (Francis et al. , 1997 (Francis et al. , 2001a .
In this paper, we use two QSO pairs and a triplet to analyse the correlation behaviour of high matter density peaks. We assume that high matter density peaks are traced by optically thick absorbers (i.e. with column density N (H i) > ∼ 2 × 10 17 cm −2 ) and by strong metal systems (characterised by C iv rest equivalent width W r (λ1548) ≥ 0.5Å).
The structure of the paper is the following: Sect. 2 describes the observations and data reduction of 6 new UVES spectra of three QSO pairs (Q2344+1228 and Q2343+1232, UM680 and UM681, Q2139-4433 and Q2139-4434); in Sect. 3, we describe in more detail one sub-damped and two damped Lyman-α systems detected in the spectra, with a particular attention to chemical abundances. Section 4 is dedicated to the description of the observed coincidences. The discussion is reported in Sect. 5 and the summary of results in Sect. 6.
All through the paper, we adopt a cosmology with q 0 = 0.5 and h = H 0 /75 km s −1 Mpc −1 . Spatial separations are always comoving.
Observations and data reduction
In September 2000, we obtained high resolution spectra of three QSO pairs with the UV and Visual Echelle Spectrograph (UVES, Dekker et al. 2000) mounted on the Kueyen telescope of the ESO VLT (Cerro Paranal, Chile). The journal of observations is reported in Table 1 . Spectra were taken in dichroic mode with a slit of 1.2" and binning of 2x2 pixels. A binning of 3x2 pixels was adopted for one of the spectra of the faintest object Q2139-4433. The resolution is ∼ 37000 and ∼ 35000 in the blue and in the red portion of the spectra respectively. Wavelength ranges in the blue arm were chosen in order to cover most of the Lyman-α forest of each object. Another paper will be devoted to the detailed discussion of the lines in this region (D'Odorico et al. in preparation) .
Data reduction was carried on by using the specific UVES pipeline (see Ballester et al. 2000) in the framework of the 99NOV version of the ESO reduction package, MIDAS. The continuum was determined by manually selecting regions not affected by evident absorption and by interpolating them with a spline function of 4th degree.
Metal absorption systems were detected, in general, by first identifying C iv or Mg ii doublets and then looking for other ionic transitions at the same redshift. Atomic parameters for the lines were taken from Verner et al. (1994) . New oscillator strengths were adopted for most of the Fe ii transitions (Bergeson et al. 1994 (Bergeson et al. , 1996 Raassen & Uylings 1998) . Lines were fitted with Voigt profiles in the LYMAN context of the MIDAS reduction package. The reported errors on column densities are the 1 σ errors of the fit computed in MIDAS. They possibly underestimate the real error on the measure since they do not take into account the uncertainty on the continuum level determination. Furthermore, they are the result of a single fitting model which is not univocal in certain column density regimes and for heavily blended systems (Fontana & Ballester 1995 ). In the cases in which the column density was weakly constrained and the MIDAS procedure could not converge to a unique solution (e.g. for saturated H i Lyman-α lines), indicative values of the column density were obtained by use of the interactive fitting program XVoigt (Mar & Bailey 1995) .
We could analyse also the UVES spectrum of Q2138-4427 (B = 18.9, z e ≃ 3.17), with similar resolution and wavelength coverage. The detailed description of its reduction and of the two DLASs present in it, will be given elsewhere (Ledoux et al. in preparation) .
Properties of the main absorption systems
In the following, we briefly discuss the relative abundances of some chemical elements for two DLASs and a sub-DLAS detected in the present spectra. All the abundances are given relative to the solar values of Grevesse & Anders (1989) and Grevesse & Noels (1993) , in the notation [X/Y] = log (X/Y) obs -log (X/Y) ⊙ (see Table 2 ). A summary of the obtained chemical abundances is reported in Table 3. 3.1. The sub-DLAS at z a ∼ 1.788 in UM681 This is a newly detected metal absorption system. The H i Lyman-α absorption at this redshift shows a clear Lorentzian wing on the blue side of the velocity profile Fig. 1 ). In order to obtain an estimate of the H i column density, we fit the profile with two components at the redshifts of the two strongest groups of lines seen in the singly ionised element profiles (see Fig. 2 ). At z a ≃ 1.78745 (v ≃ −150 km s −1 in the figures), we measure a column density log N (H i)∼ 18.6 ± 0.1 and at z a ≃ 1.78885 (v ≃ 0 km s −1 ), log N (H i)∼ 19.0 ± 0.1. The associated heavy element transitions have a complex structure spread over about 250 km s −1 with at least 8 narrow components in Fe ii, Si ii and Al iii and 4 components in N i and S ii (see Fig. 2 ). O i, C ii and Si iii are either saturated or blended, Si iv, C iv and Al ii are outside our wavelength range.
The observed H i column density is not high enough to assure that no ionisation corrections have to be applied to get the relative chemical abundances (see e.g. Viegas 1995) . We derive an indicative measure of the nitrogen and sulphur abundances by using the Cloudy software package (Ferland 1997) to build a photoionisation model and estimate the ionisation corrections. We consider the UV background flux due to quasars and galaxies (Madau et al. 1999 ) and try to recover the observed column densities of the components at z a ≃ 1.78745 and 1.78765 (v ≃ −150 and −130 km s −1 in Fig.2) . The results do not change significantly if we adopt an ionizing spectrum due to a single stellar population of solar metallicity and 0.1 Gyr. The resulting ionisation corrections are ∼ 2.3, 0.2 and 14 to be multiplied for the ratios N i/H i, S ii/H i and N i/S ii respectively. Since the corrections are relatively small in the first two cases, we compute the corresponding abundance ratios. N i λ 1199 is partially blended (see Fig. 2 ), thus we estimate the nitrogen abundance from the two components at lower redshift (v ≃ −150 and −130 km s −1 in Fig.2 ), associated with the z a ≃ 1.78745 H i component with log N (H i) ≃ 18.6 ± 0.1. From this we derive [N/H] ≃ −0.6 ± 0.2 corrected for the ionisation. This value is about one order of magnitude larger than the higher value measured in DLASs published in the literature (Centurión et al. 1998; Lu et al. 1998 ). The corrected sulphur abundance ratio for the same components is [S/H] ∼ −0.3 ± 0.2 which again is about one order of magnitude larger than what is observed in DLASs.
These measurements, although slightly uncertain, suggest that sub-DLAS could have higher metal abundances than DLASs, as already observed in LLS (e.g. D 'Odorico & Petitjean 2001) , and probe a more evolved chemical stage of high redshift galaxies when gas has been partly consumed by star formation.
The DLAS at z a ≃ 2.43125 in Q2343+1232
This DLAS, as well as the one seen along the LOS of Q2344+1228 (see next section), has first been detected by Sargent (1987) . The two QSOs were observed recently with HIRES+Keck and the relative chemical abundances of the two systems were used in statistical samples (Rauch et al. 1997; Lu et al. 1998; Prochaska & Wolfe 1998 Prochaska et al. 2001) .
The metal absorption complex corresponding to this damped system is made of two groups of lines. The major one counts at least 8 components, with the strongest one at z a ≃ 2.43125 (v = 0 km s −1 in Fig. 3 ). This component is heavily saturated in C ii, O i, Mg ii, and Si ii. It shows absorption due to the two triplets of N i, λ 1134Å and λ 1200Å, and to the S ii triplet, λλλ 1250, 1253, 1259Å. The Si iv doublet is clearly identified in this complex, the . The dotted lines on the right are drawn at the redshifts z a = 2.42834 and 2.43125 (origin of the velocity axes) of the components discussed in the text C iv doublet is outside our spectral range but was detected by Sargent et al. (1988) . A satellite sub-system is observed at more than 500 km s −1 from the centre of the main one, at z a ≃ 2.42536. It is very weak and shows transitions due to C ii, Mg ii, Si ii and Si iii.
Since we cannot disentangle the velocity structure of the hydrogen absorption, we assume a single component at the redshift of the strongest component observed in singly ionised lines at z a ≃ 2.43125. The total H i column density is log N (H i) ≃ 20.35±0.05 and the error is mainly due to the uncertainty in the position of the continuum. The average iron abundance is [Fe/H]≃ −1.2 ± 0.2. While, we obtain [S/H] ≃ −0.7 ± 0.1 and [N/H] ≃ −1.1 ± 0.1. Those estimates are ∼ 0.2 and 0.5 dex higher respectively, than those reported by Lu et al. (1998) . The difference for sulphur is within the uncertainties (at the 3 σ level), while the larger one for nitrogen could be due to the fact that Lu et al. (1998) used the saturated N i triplet at λ 1200Å.
As previously stated, the main component is badly saturated for all the observed transitions due to C, O and Si, so relative abundances for these elements cannot be determined. On the other hand, we can study the abun-dance ratios of S, N and Fe at this redshift, assuming that ionisation corrections are negligible. This hypothesis is supported by the large column density characterising this component and by the absence of Si iv absorption. We measure column densities: log N (S ii) ≃ 14.75 ± 0.05, log N (N i) ≃ 15.16 ± 0.05 (where we do not consider the N i triplet at λ 1200Å because it is saturated and affected by the wing of the damped H i Lyman-α line) and log N (Fe ii) ≃ 14.49 ± 0.08. From which we derive the abundance ratios: [S/Fe] ≃ 0.6 ± 0.1, and [N/S] ≃ −0.3 ± 0.1. The latter abundance ratio, which is not affected by dust, can be compared with the ratios [N/O] measured for metal poor Galactic stars making the assumption, [S/O] ≡ 0 as reported by Centurión et al. (1998) . Our measurement is larger than any other for DLASs present in the literature (see also Lu et al. 1998) and it is consistent with values obtained for H ii regions in dwarf galaxies.
The strong Si iv absorption imply that ionisation corrections could be necessary to determine the abundance ratios in the other components of the system. Nothing can be said on the H i column density corresponding to the single components. This makes hard the realization of a photoionisation model to determine the ionisation corrections. We report the measured column densities of sulphur and nitrogen (a faint absorption is observed for the transition N i λ 1200) relative to the component at z a ≃ 2.42834 (v ≃ −250 km s −1 in Fig. 3 ), log N (S ii) ≃ 14.22 ± 0.05 and log N (N i) ≃ 13.5 ± 0.05.
The DLAS at z a ≃ 2.53788 in Q2344+1228
The damped H i Lyman-α absorption line of this system has been fitted with a single component at the redshift of the strongest component observed in the neutral and singly ionised lines of associated heavy elements (z a ≃ 2.53788). The H i column density is log N (H i) ≃ 20.4±0.1, where the error on the column density is due mainly to the positioning of the continuum level.
In Fig. 4 , we show the ionic transitions observed for the DLAS. The C iv doublet is outside our wavelength range and it was not observed in the low resolution spectrum by Sargent et al. (1988) . The iron and silicon column densities can be derived from non saturated lines to obtain the average values, [Fe/H] ≃ −1.8±0.2, and [Si/H] > ∼ −1.85±0.1. While, [N/H] ≃ −2.75 ± 0.11, which is in good agreement with the value found by Lu et al. (1998) .
The absence of high ionisation lines and the simple velocity profile of the system allow the assumption that ionisation corrections are negligible in this case. We can thus obtain reliable abundance ratios from the column densities of the transitions observed in the single components.
N i is observed in the central component, we compute the abundance ratio [N/Fe] ≃ −0.8 ± 0.1, which is consistent with previous measurements for DLAS. The central component is unusable to derive reliable abundance mea- 
Comments on the measures of [O/Fe] and [C/Fe]
α-capture elements are mainly produced by Type II SNe which should dominate in the early stages of the chemical evolution of galaxies, while Type I SNe contribute iron peak elements later on. Therefore, the [α/Fe] abundance ratio can be used to trace the chemical evolution history and, to a certain extent, the nature of galaxies. Oxygen and sulphur are more reliable estimators of α-element abundances than silicon which is subject to dust depletion. Abundance studies of carbon (e.g. Tomkin et al. 1995) Measures of C and O in DLASs are generally complicated by the fact that often the only available lines are C ii λ 1334 and O i λ 1302 which most of the times are heavily saturated. In the DLAS described in Sect. 3.3, we constrain the values of the O/Fe and C/Fe ratios, considering a single component which is only mildly saturated and not going to zero. We derive that the C/Fe ratio is consistent with solar while the O/Fe and Si/Fe ratios are consistent among them and show a very small enhancement. The average iron abundance of the system is about 1/100 solar. Our result, together with the recent measures by Molaro et al. (2000) for the DLAS in the spectrum of Q0000-26, indicates that there is no evidence for the [O/Fe] ratio to be over-solar in DLAS. This is at a variance with what is observed in the atmosphere of Galactic stars at the same metallicity (but see also Dessauges-Zavadsky et al. 2001) .
The abundance pattern which is closest to the above data is that of an old starburst, as is observed at the boundaries of our galactic disk, although, in general, for larger iron abundances (Chiappini et al. 1999 ).
Coincidences of high matter density peaks
In this section, we describe the observed pairs of quasars and list the absorption systems with N (H i) > ∼ 2 × 10 17 cm −2 found in the 7 spectra. For each of the systems, we search the adjacent line of sight for the presence of any absorption at the same redshift. When a LLS or a C iv system with rest equivalent width W r > 0.5Å is seen along the second LOS within ∼ 1000 km s −1 from the former LLS, we call this a coincidence. The observed number densities of LLS and C iv absorption systems with W r > 0.5Å are similar at the same redshift (e.g. Steidel et al. 1988; Steidel 1990) . We can therefore assume that they trace the same kind of overdensity.
The numbers associated with the coincidences correspond to those in Table 4 and Fig. 15. 
The QSO pair UM680 and UM681
These two QSOs (also called Q0307-195A,B) are separated by 56 arcseconds on the plane of the sky, corresponding to ∼ 830 − 940 h −1 kpc in the considered redshift interval. Spectra at low and intermediate resolution of this pair have been used in the past to study the correlation of C iv and Lyman-α forest lines (Shaver & Robertson 1983; D'Odorico et al. 1998) . 1) z ≃ 1.788 -There is no metal system along the LOS of UM680 corresponding to the sub-DLAS at z a ≃ 1.788 observed in the spectrum of UM681 (see Sect. 3.1). A weak Lyman-α absorption, log N (H i) ≃ 13.81 ± 0.05, is observed at z a ≃ 1.7876 (see Fig. 1 ). From the observed number density of H i Lyman-α absorption lines with column density in the range 13.1 ≤ log N (H i) ≤ 14 (Kim et 2) z ≃ 2.03 -The coincident systems observed at z a ≃ 2.03520 and z a ≃ 2.03215 in the spectra of UM680 and UM681 respectively, are two candidate LLSs which show absorption lines due to the same ionic transitions with a shift of ≃ 300 km s −1 (see Fig. 5 ). We detect low ionisation absorption lines due to Al ii, Si ii and Fe ii, together with Al iii, Si iii and Fe iii, the latter only in UM680. The corresponding Si iv and C iv absorption doublets are outside our wavelength coverage, but their presence is discussed in Shaver & Robertson (1983) .
It is not possible to constrain the value of the H i column density of both systems due to the complexity of the profile. The Lyman-β lines are in a region of the spectrum with low signal-to-noise ratio and probably blended. From the equivalent width ratio of Si ii and Fe ii to C iv (as measured by Shaver & Robertson 1983) we derive that the systems are likely in a low excitation state and have N (H i) > 10 18 cm −2 (see Bergeron & Stasińska 1986 ).
3) z ≃ 2.122 -The QSO UM681 presents a metal system at its emission redshift (z a ≃ 2.12209) with lines due to C iv, N v, O vi and S iv and also weak low ionisation lines (see Fig. 6 ). This system, although characterized by highly ionised transitions, has a velocity spread of less than ∼ 250 km s −1 and does not show any evidence of partial cover- −1 ) in the spectrum of UM680. The origin of the velocity axes is kept at z a = 2.12209, redshift of the low ionisation transitions observed in the coincident system in the spectrum of UM681. The transverse separation between the two LOSs at this redshift is ∼ 940 h −1 kpc age. Furthermore, the presence of singly ionised absorption lines and the symmetric velocity profile favour an absorber with a dense core. Therefore, although the system is located in the vicinity of the quasar it is probably not associated with it.
In addition, there is a very similar absorption system along the LOS of UM680, at z a ≃ 2.12312, corresponding to a velocity shift of ∼ 100 km s −1 (see Fig. 6 ). The transverse spatial separation between the two LOSs at this redshift is ∼ 940 h −1 kpc. The latter system is located at ∼ 2000 km s −1 from the emission redshift of UM680; the same arguments as before are valid to reject the hypothesis that this is due to gas associated with either of the two quasars. The observed H i Lyman-α and Lyman-β absorption lines for this system are consistently fitted with a main component of column density log N (H i) > ∼ 17.3. Figure 7 shows the H i Lyman-α emission region in the two QSO spectra. The coinciding Lyman-α absorptions at z a ∼ 2.122 are shown, together with the associated N v λ 1238 lines (the N v λ 1242 transitions fall outside the observed wavelength range). Another pair of Lyman-α absorptions is observed at z a ∼ 2.099, which shows an associated N v doublet in the spectrum of UM680, while does not have any detected associated metal line in UM681. Shaver & Robertson (1983) suggest the existence of a uniform, 1 Mpc diameter, gaseous disk associated with UM681 to explain the coincidence at z a ∼ 2.122. The presence of a further coincidence at ∼ 2000 km s −1 from this one, favours the thesis that the absorptions are due to a coherent gaseous structure embedding both quasars and possibly small galactic objects. Deep imaging of the field could possibly shed light on the nature of the absorbers and of the ionising processes at work in the gas.
The QSO pair Q2344+1228 and Q2343+1232
The first spectra of this QSO pair were presented by Sargent et al. (1988) , the two objects are separated by 5 arcmin on the plane of the sky, corresponding to a transverse spatial separation of ≃ 5 h −1 Mpc in the considered redshift range. The remarkable feature is the presence of a DLAS in each of the LOS (see Sect. 3).
The emission redshift of Q2343+1232 reported by Lu et al. (1998) , z e ≃ 2.549, is consistent with the position of the emission lines observed in the Sargent et al. (1988) spectrum (Si iv+O iv] and C iv) and with the O i emission in our spectrum (marked in Fig. 8 ), when the shifted rest wavelengths computed by Tytler & Fan (1992) are used. Likely, the peak observed at λ ∼ 4375Å is partly due to the N v emission, while the maximum of the Lyman-α emission is strongly absorbed. We identify two absorption systems at z a > z e : a N v doublet and the corresponding Lyman-α absorption at z a ≃ 2.5698 (∆v ≃ 1750 km s −1 ), together with another possible Lyman-α line at z a ≃ 2.579 (∆v ≃ 2500 km s −1 ). They do not show any signature of partial coverage and they could be explained by the presence of a cluster of galaxies of which the QSO itself is a member (e.g. Weymann et al. 1979 ). 4) z ≃ 2.171 -In the spectrum of Q2343+1232, we identify a metal system at z a ≃ 2.171 which could be a LLS on the ground of the column density ratios of the observed transitions (Bergeron & Stasińska 1986 ). In particular, O i/C iv ∼ 0.6, Mg ii/C iv ∼ 0.4 and Si ii/Si iv ∼ 3.7. No metal system is detected along the companion LOS within ∼ 3000 km s −1 . However, a complex H i Lyman-α absorption is present (see Fig. 9 ) whose velocity profile appears to match that of the Lyman-α in Q2343+1232 when shifted red-ward by ∼ 240 km s −1 . 5) z ≃ 2.43 -In the spectrum of Q2343+1232, the DLAS at z a ≃ 2.43 (see Sect. 4.2) coincides with a metal system at z a ≃ 2.4271 (redshift of the Si iv main component) in the companion LOS, showing only high ionisation lines (C iv was detected by Sargent et al. 1988 ) and a strongly saturated Lyman-α (W r ≃ 2Å) (see Fig. 10 ). The H i absorption is likely not a LLS since singly ionised lines are not detected (like Mg ii and Fe ii). An acceptable fit of the profile is obtained with two main components at N (H i) ∼ 10 15 and ∼ 6.3 × 10 15 cm −2 , which however should be considered as lower limits. 6) z ≃ 2.54 -The DLAS at z a ≃ 2.53788 in the spectrum of Q2344+1228 (see Sect. 4.1) does not have a corresponding metal system on the LOS to Q2343+1232, but it is indeed at ∼ 940 km s −1 from the H i Lyman-α emission at the redshift of this quasar (see Fig. 8 ).
The QSO triplet Q2138-4427, Q2139-4433 and Q2139-4434
The quasar Q2139-4434 (z e = 3.23) was observed at intermediate resolution together with its companion Q2138-4427 (z e = 3.17) by Francis & Hewett (1993) . They are separated by 8 arcmin on the plane of the sky. Francis and Hewett observed common strong Lyman-α absorptions at z ∼ 2.38 and z ∼ 2.85 and further imaging of the field revealed the presence of a cluster of galaxies at z ∼ 2.38 (Francis et al. 1996 (Francis et al. , 1997 (Francis et al. , 2001a . confirmed the damped nature of the system at z ∼ 2.85 in the spectrum of Q2138-4427. We obtained high resolution spectra of Q2138-4427, Q2139-4434 and of Q2139-4433 (z e = 3.220, R = 19.97; Hawkins & Véron 1996) . The latter two QSOs are separated by 1 arcmin on the plane of the sky. 7) z ≃ 2.38 -The strong Lyman-α absorption at z a ≃ 2.38 in the spectrum of Q2138-4427 has at least one visible damped wing in the velocity profile (see Fig. 11 ) implying a column density N (H i) > ∼ 10 19 cm −2 . Unfortunately, the spectra of Q2139-4433 and Q2139-4434 do not cover the wavelength region where the corresponding H i Lyman-α lines should fall, while the spectrum of Q2138-4427 does not cover that of the C iv doublet at this redshift. In the low resolution spectrum of Q2139-4434 by Francis & Hewett (1993) , an absorption line with equivalent width ∼ 20Å is present at this redshift, which would correspond to a Lyman-α line with N (H i) ∼ 7 × 10 19 cm −2 . We do not detect C iv absorption at this redshift in the spectra of Q2139-4433 and Q2139-4434 but we identify neutral and singly ionised transition lines (C ii, O i, Si ii and Fe ii) with a simple two-component velocity profile in Q2139-4434. Figure 12 shows two coincident transitions in Q2138-4427 and Q2139-4434, they have a minimal velocity separation of around 150 km s −1 , while the two LOSs are at a transverse separation of ∼ 9 h −1 Mpc. 8) z ≃ 2.73 -The system at z a ≃ 2.73557 in the spectrum of Q2139-4434 is again a candidate LLS on the ground of the observed ionic transitions. No metal lines are detected within ∼ 3000 km s −1 of this absorption redshift along the LOS of Q2139-4433 and of Q2138-4427. On the other hand, the velocity profile of the observed H i Lyman-α absorptions follows that of the C iv absorption associated to the LLS (see Fig. 13 ). Unfortunately, we cannot disentagle the velocity structure of the LLS Lyman-α absorption since our spectrum does not extend to the region where the higher lines in the Lyman series are located. Fig. 12 . z ∼ 2.38 -Coincident absorption systems in the spectra of Q2139-4434 (mid panels) and Q2138-4427 (bottom panels), with a transverse separation of ∼ 9 h −1 Mpc. The left panels show the Si ii λ 1304 transition and the right panels show the Fe ii λ 2382 one. In the top row, the corresponding regions in the spectrum of Q2139-4433 are plotted. At this redshift, the separation between the LOSs to Q2139-4433 and Q2139-4434 is ∼ 1 h −1 Mpc and between Q2139-4433 and Q2138-4427 is ∼ 7.7 h −1 Mpc. The origin of the velocity axes is set at z a = 2.38279. The other vertical dotted line marks the position of the system in Q2139-4434 at z a = 2.37977 9) z ≃ 2.85 -The DLAS at z a ≃ 2.85 in the spectrum of Q2138-4427 coincides with a complex H i Lyman-α absorption in the spectrum of Q2139-4434, with no detectable associated metal transitions. On the other hand, we identify a saturated Lyman-α absorption (W r ≃ 1Å) and a C iv doublet at z a ≃ 2.85262 in the spectrum of Q2139-4433 (see Fig. 14) , partially superposing in redshift upon the C iv absorption associated to the DLAS. The transverse spatial separation between the two LOSs at this redshift is ∼ 9 h −1 Mpc. This correlation could be interpreted as due to a gaseous structure perpendicular to the LOSs and extending over several Mpc in the direction defined by the three quasars.
Discussion
The expected number of DLAS (N (H i) > 2 × 10 20 cm −2 ) and LLS (2 × 10 17 < N (H i) < 2 × 10 20 cm −2 ) in the redshift interval covered by our 7 spectra as computed from their number density as a function of redshift -N (z) DLAS ≃ 0.055(1 + z)
1.11 , N (z) LLS ≃ 0.27(1 + z)
1.55 -is of 1 and 9, respectively. We detect 3 DLASs and 8 LLSs indicating that our lines of sight are not strongly biased toward an overabundance of high column density systems. The investigation of the nearby lines of sight at the redshift of each of the previous systems, gives the following results. Of the three DLASs: 2 coincide with metal systems with C iv rest equivalent width W r (λ1548) > 0.5Å, and 1 is at less than 1000 km s −1 from the emission redshift of the paired QSO, which in turn is marking the presence of a high matter density peak (see Ellison et al. 2001) . The transverse spatial separation over which these coincidences happen varies between ∼ 5 and 9 h −1 Mpc. As for the 8 LLSs: 4 of them form two coinciding pairs at z a ∼ 2.03 and 2.12 in the spectra of UM680 and UM681, their transverse spatial separations are ∼ 920 and 940 h −1 kpc, respectively. The LLS at z a ∼ 2.38 in the spectrum of Q2138-4427 shows a coinciding metal system in the spectrum of Q2139-4434 at a transverse spatial separation ∼ 9 h −1 Mpc. However, only low-ionisation transitions are observed and no C iv. Furthermore, the H i Lyman-α of the latter system is outside our spectral The reported redshifts correspond to the main component of the associated metal absorption, if present; or to the strongest H i Lyman-α absorption closer to the redshift of the high density system b Transverse spatial separation between the lines of sight; in the case of the triplet it refers to the distance to the following object in the list c Minimal velocity separation between metal absorption lines of the same ionic species in the coupled lines of sight d C iv λ 1548 rest equivalent width from Shaver & Robertson (1983) e C iv λ 1548 rest equivalent width from Sargent (1987) f Emission redshift of the paired QSO g Precise column density determination for the metal lines in the spectrum of Q2138-4427 will be reported by Ledoux et al. (in preparation) h Rest equivalent width inÅ range . The remaining 3 Lyman limit systems have corresponding Lyman-α absorptions without associated metals within 3000 km s −1 . In summary, we measure a coincidence within 1000 km s −1 between high density systems, in 5 cases out of 10. We exclude the coincidence at z ∼ 2.38 in the triplet, since it was not possible to determine the H i column density of the metal system. Figure 15 shows a pictorial description of the observed coincidences as a function of redshift; while in Table 4 we report the main properties of the matching absorption systems.
In order to approximately compute the significance of our result, we consider the number density of C iv systems with rest equivalent width W r > 0.3Å as a function of redshift (Steidel 1990) . The chance probability (in the hypothesis of null clustering) to detect a C iv absorption line within 1000 km s −1 , between z = 2 and 3, is P exp ≃ 0.004. If we assume that a binomial random process rules the detection or the non-detection of a coincidence, the a posteriori probability in the studied case is < 2.5 × 10 −10 . The clustering signal is indeed highly significant.
Going back to our sample, the two coincidences in the spectra of UM680, UM681 at ∼ 1 h −1 Mpc are closely related to the emitting quasars. As recently claimed for associated absorption lines (e.g. Srianand & Petitjean 2000; de Kool et al. 2001; Hamann et al. 2001) , the observed absorption systems could arise in gas expelled by a galactic "superwind" in a luminous starburst associated with the formation of the quasar itself. Superwinds contain cool dense clouds which justify the presence of low ionisation lines, embedded in a hot (∼ 10 7 K) X-ray-emitting plasma (see Heckman et al. 1996 , and references therein). In low redshift galaxies, outflow velocities of 10 2 − 10 3 km s The remaining three coincident systems involve DLASs and are characterized by larger QSO pair separations. Damped systems at high redshifts are thought to arise in large disks (e.g. Wolfe 1995) or in multiple protogalactic clumps (Haehnelt et al. 1998; Ledoux et al. 1998; McDonald & Miralda-Escudé 1999) . In either case they trace high matter density peaks and they are possibly associated with Lyman-break galaxies (Møller et al. 2002) . The representation of these kind of objects in hydrodynamical simulations (e.g. Jenkins et al. 1998; Cen 1998) shows that they lie in knots of ∼ 1 h −1 Mpc scale from which filaments several Mpc in length depart in a spiderlike structure. Star formation takes place in the central condensation but also in some denser blobs of matter along the filaments. The correlation on large scales observed . The H i Lyman-α transitions are shown in the top and mid row and the H i Lyman-γ corresponding to the DLAS in the spectrum of Q2138-4427 is in the bottom row. Overplotted are the corresponding C iv doublets, no metal absorption is observed in the spectrum of Q2139-4434. The dotted vertical lines mark the position of the main components in C iv at z a = 2.85153 (origin of velocity axes) and at z a = 2.85262. The transverse spatial separations between the three LOSs are about the same as those reported in the caption of Fig. 13 around the DLAS in our sample finds a likely explanation in this scenario (see the discussion in Francis et al. 2001b ). For comparison, Lyman break galaxies at z ∼ 3, which are thought to have masses M ∼ 10 11 M ⊙ , show correlation lengths r 0 ∼ 2 h −1 Mpc (Giavalisco et al. 1998; Porciani & Giavalisco 2001; Arnouts et al. 2002) .
Conclusions
We have analysed new, high resolution UVES spectra of two QSO pairs and a QSO triplet (refer to Table 1 and star for DLAS with N (HI) > 2 × 10 20 cm −2 . The big open circles mark the emission redshift of the quasars sight within 1000 km s −1 of the redshift of the considered high column density absorption system. In 1 case, a DLAS matches the emitting QSO in the paired line of sight; 2. the correlation signal is highly significant in spite of the small sample. The gas giving rise to the coincidences close to the emission redshift of the QSOs (# 2 and 3 in Fig. 15 ) could be due to a starburst-driven galactic superwind. In the other cases (# 5, 6 and 9), involving DLASs, the gas could be in coherent filamentary or sheet-like structures of several Mpc, the possible ancestors of present-day rich clusters; 3. we measure the chemical abundance ratios in two DLAS and a sub-DLAS. In particular, we estimate the ratios C/Fe, O/Fe and Si/Fe for the DLAS at z ∼ 2.53788 in the spectrum of Q2344+1228. The abundance ratios of these elements are consistent with solar values or very small enhancement at a variance with what is observed for halo stars at the same metallicity in the Milky Way.
